A wide variety of beets (Beta L.), both cultivated and wild representatives of different countries, were analyzed by N.I. Vavilov (1) along with scientific world literature available at that time, which data he used to identify the two world centers of origin of the genus Beta in Central Asia and Southwest Asia. According to various reports, there are focused from 13 to 15 wild species and 23-25 primitive forms transitional from wild to a crop (2, 3).
tion of VIR.
DNA was isolated by standard methods as described previously (27) . Purity and concentration of the derived DNA was assessed spectrophotometrically. DNA was considered pure if extinction ratios OD 260/230 and OD 260/280 were within 1.8-2.0. Concentration of the DNA was additionally determined by electrophoretic analysis in 1.5% agarose gel in TBE-buffer with standard markers 1kb DNA Ladder GeneRuler ("Fermentas", Lithuania).
PCR amplification and subsequent electrophoretic analysis were performed using the earlier proposed method (28) . DNA of the investigated samples was analyzed by RAPD with ten-dimensional oligonucleotide primers from sets A (OPA 1 -OPA 20) and C (OPC 1 -OPC 20) manufactured by "Operon Technologies" (California, USA). PCR amplification was conducted in the reaction mixture (volume -12.5 ul) that included a single incubation buffer, MgCl 2 (1.5 uM), dNTP (100 uM of each), 0.25 units Taq DNA polymerase ("Qbio-gene", Germany), and 20 ng genomic DNA. Thermocycler ("BioRad", USA) was programmed for initial denaturation at 94 C for 3 min followed by 45 cycles (annealing-36 С 1 min, extension -72 С 2 min, denaturation -94 С 0,3 min) and final elongation at 72 С for 10 min.
Amplification products were analyzed in 1.5-2.0 % agarose gel in TBE-buffer. The gels were stained with ethidium bromide and photographed under UV light using gel documentation system ("BioRad", USA). Electrophoretic profiles were examined visually assessing the number of bands for each sample. The case of a marker band present or absent in each electrophoretic track was denoted as, respectively, 1 or 0. Only distinct bands were considered, doubtful ones were ignored assuming them absent.
Genetic distances were established by pairwise comparison of samples using the method of M. Nei and W.H. Li (29) and the formula: GS = 2n xy / (n x + n y ), where GS -genetic similarity; n x и n y -number of electrophoretic bands in samples x and y, n xynumber of bands common in both compared samples. Polymorphism within each sample or within an identified group was evaluated by the frequency of polymorphic bands in a ratio to total number of observed bands, or by Shannon-Weaver index (30) . The value of  2 was determined upon recorded numbers of polymorphic and homologous bands. Phylogenetic trees were constructed using UPGMA method of unweighted pair-group cluster analysis with arithmetic mean ( 31) and the program NTSYS-pc (32) .
Results. Phylogenetic relationships between the studied samples were determined using RAPD analysis conducted twice for each sample. Since there observed were small test-retest differences due to statistical experimental error, the following calculations were conducted considering only the data of amplicons not varying between replicates. To avoid errors caused by heterogeneity of a particular sample (each one included the material of 12 plants), total DNA was extracted from each plant separately and then mixed in equal proportions.
In preliminary experiments, each tested sample was composed from a few randomly chosen plants whose DNA was investigated individually by RAPD-analysis. There were tested 40 primers, and according to these results the authors selected 19 polymorphic primers capable to identify polymorphism within a sample or between the studied samples. electrophoretic RAPD profiles exhibited polymorphism between the studied samples. In total it was identified 63 polymorphic markers, and each of them was assessed with construction of dendrograms by UPGMA method in order to establish phylogenetic relationships between the studied samples.
Thus, it was shown clustering of wild-type beet forms (Figure, A) Similarly were analyzed 13 samples of cultivated beet B. vulgaris; in this case, the most ancient genotype was the sample of cultivar group Polosatochereshkovaya. The dendrogram (Fig., B) shows four clearly discriminated clusters. The first cluster includes cv. groups Dlinnochereshkovaya belaya, Turkestanskaya zelenolistaya, and Poludlinnaya krasnaya. This cluster is the most ancient, and it is adjacent to the outgroup formed by cv. group Polosatochereshkovaya. The other three clusters quite independently form the group of samples with less ancient origin than members of the previous cluster. In particular, the cluster including cv. groups Zimnyaya ovalnaya and Chardzhuyskaya is more ancient than the cluster of cv. groups Afyonkarahissarskaya and Adanskaya zheltaya. However, the latter are evolutionarily younger than cv. group Abkhazskaya zelenolistaya from the fourth cluster. This fourth cluster also includes cv. groups Kitayskaya belaya, Ramonskaya odnosemyannaya 47, Ekkendorfskaya zheltaya, and Bordo 237; the dendrogram shows these samples are "youngest" among the studied cultural beets. Polymorphisms of these beets revealed by comparative RAPD analysis are presented in Table 2 . So, wild and cultivated beets from the World collection of VIR were investigated by means of RAPD analysis, which revealed their molecular-genetic and phylogenetic relationships. In earlier works of other researchers, RAPD test was used for establishing genetic relationships within the genus Beta L. (33) , constructing its genetic maps and saturating them with molecular markers (16) , mapping QTLs for resistance to Beet Necrotic Yellow Vein Virus (BNYVV) (34, 35) , as well as for identification and labeling of CMS genes (36) . Genetic interactions of beets were determined using various molecular markers, such as intron sequences of chloroplasts (37) , ribosomal nuclear DNA units (38) , RFLP markers (39), repeated satellite and mitochondrial sequences (40, 41) . These facts show a fairly wide range of molecular genetic tools and approaches involved in scientific researches primarily related to phylogenetic and taxonomic problems, as well importance of this problem.
Results of this work are in good agreement with the previously proposed classification of wild beets (10) . In this classification, morphobiological characters of B. perennis, B. macrocarpa, B. maritima, and B. cicla were considered to postulate them as individual species, the most ancient of which are B. perennis and B. macrocarpa. At the same time, B. orientalis and B. spontaneus are close to each other and they can be considered as subspecies of B. maritima. Cultivars Dlinnochereshkovaya, Polosatochereshkovaya, Turkestanskaya, and Poludlinnaya were determined as primitive forms the most distant from modern cv. groups Bordo 237, Ekkendorfskaya zheltaya, and Ramonskaya odnosemyannaya 47, while cv. groups Abkhazskaya, Zimnyaya ovalnaya, and Adanskaya zheltaya -closest to modern cultural beets, and intermediate position belongs to cv. groups Chardzhuyskaya and Afyonkarahisarskaya (10), which is also consistent with findings of this research. Results of molecular genetic analysis have confirmed phylogenetic structure of the genus Beta L. proposed in 1983 by V.I. Burenina (42) that differs from the earlier classifications of other researchers (10) . So, in this work for the first time have been established phylogenetic relationships within and between the samples of wild, primitive, and cultural beets by means of classical morphobiological methods and molecular genetic analysis. The authors' findings are consistent with the old-established phylogenetic classification of species in the genus Beta L. (1983) and confirm its propriety. Data of RAPD-labeling can be used for characterization of samples preserved in the World collection of N.I. Vavilov Research Institute of Plant Industry (VIR), as well as in genetic and breeding studies and programs.
